Dementia is a progressive condition characterized by declines in memory, communication ability, and behavior ([@B1]). There is no known cure, and age is presently its strongest known predictor ([@B2], [@B3]). Over 40 million people worldwide are estimated to have the condition ([@B1]). This figure is projected to increase to over 110 million by 2050 ([@B4]), heavily influenced by rapidly aging populations, particularly in low- and middle-income countries ([@B5]). Diabetes, hypertension, smoking, alcohol consumption, education level, diet, and physical activity habits have all been identified as risk factors for dementia ([@B6] -- [@B8]). These factors are modifiable and have the potential to reduce dementia risk.

Numerous studies have investigated the effects of risk factor prevalence on development of dementia in high-income countries ([@B9] -- [@B11]). In contrast, little is known about the effects in developing countries, such as those of Latin America and Caribbean where an estimated 44% of people living with dementia reside ([@B12]). These countries are known to have limited resources and a shortage of elder-care services, especially for those living with dementia and their caregivers ([@B12]).

Any intervention able to delay or prevent the onset of dementia by targeting modifiable lifestyle factors has the potential to significantly reduce its future prevalence ([@B13]) and the need for dementia-related health services and support. By calculating the population attributable risk (PAR), researchers can quantify the magnitude and societal impact of a known risk factor and the development of a particular disease.

The objective of this study was to calculate the PAR for dementia (all-cause) in Barbados, accounting for both independence and non-independence of six modifiable lifestyle factors known to be associated with dementia ([@B10], [@B14] -- [@B16]). A secondary aim was to estimate the effects of reduction in risk factor prevalence every 10 years through 2050 on future dementia prevalence in Barbados.

MATERIALS AND METHODS
=====================

This was an observational study conducted in Barbados, an independent country in the English-speaking Caribbean with a population of slightly more than 285 000. The population of Barbados is primarily composed of African descendants, but also has ethnic variations due to European and Indian ancestry.

Risk factors
------------

Six modifiable lifestyle factors were selected: midlife obesity, physical inactivity, smoking, low educational attainment, diabetes mellitus, and midlife hypertension. These were chosen because they are known to be associated with dementia ([@B10], [@B14] -- [@B16]) and the relevant data are readily available and accessible.

Data sources
------------

PAR is calculated by using the population prevalence (P) of a risk factor (obtained from census/survey data) and the relative risk (RR) of that risk factor with a particular outcome.

This study used three secondary data sources to perform calculations. The first source, by Howitt and colleagues ([@B17]), provided country-specific risk factor prevalence data on the distribution of diabetes, hypertension, and related risk factors by gender, education, and occupation among adults in Barbados. The cross-sectional survey utilized by this source targeted individuals 25 years of age and over in households selected from a national sampling frame maintained by the Barbados Government Statistical Service. Data were collected from September 2011 -- May 2013.

The second source, the 2014 World Alzheimer\'s Report ([@B16]), provided global, relative risk data.

The third was the "Survey on Health, Well-being and Aging in Latin America and the Caribbean" (SABE; 18). These data were used to determine the shared variance among risk factors, a key element to consider when accounting for non-independence of risk factors. Conducted in 1999 -- 2000, SABE aimed to examine health conditions and health-related disability among persons in seven Latin American and Caribbean countries (Argentina, Barbados, Brazil, Chile, Cuba, Mexico, and Uruguay), with special emphasis on those 60 years of age and over. SABE is widely used and is the only survey with data on such an extensive range of health-related variables for the age group of interest and for a country within the English-speaking Caribbean. SABE datasets are freely available from the International Consortium for Political and Social Research ([@B18]).

[Table 1](#t1){ref-type="table"} provides the definitions for each of the six risk factors included in the study. These definitions are in keeping with other published work ([@B19]).

###### Risk factor definitions used for the calculation of population attributable risk (PAR) of dementia for six modifiable lifestyle factors in Barbados, 2010

  Risk factor                  Definition for PAR
  ---------------------------- ---------------------------------------------------------------------------------------------------------------
  Mid-life obesity             Proportion of adults (45 -- 64 years of age) with a body mass index ≥ 30
  Physical inactivity          Proportion of adults not meeting physical activity guidelines (\< 150 minutes of moderate intensity per week)
  Smoking                      Proportion of adult smokers
  Low educational attainment   Proportion of adults with \< a secondary school education
  Diabetes mellitus            Adult prevalence of type 2 diabetes mellitus
  Mid-life hypertension        Prevalence of hypertension in adults (45 -- 64 years of age)

Source:

Risk factor definitions based on those of Barnes and Yaffee (

20

).

Data analysis
-------------

[Table 2](#t2){ref-type="table"} highlights some of the key data needed for the PAR calculations on dementia in Barbados, including the six risk factors, the population level prevalence of the risk factor ([@B17]), the relative risk for dementia in relation to examined risk factors ([@B16]), and the communality/shared variance among the six examined risk factors. The variance was calculated using SABE data and Stata®/MP12 (Stata Corp LP, College Station, Texas, United States) statistical software.

###### Relative risk data used in calculation of population attributable risk (PAR) of dementia for six modifiable risk factors in Barbados, 2010

  Risk factor                  Population prevalence of risk factor   Relative risk for dementia (95%CI)[a](#TFN3){ref-type="table-fn"}   Communality/shared variance among risk factors
  ---------------------------- -------------------------------------- ------------------------------------------------------------------- ------------------------------------------------
  Mid-life obesity             34.6%                                  1.64 (1.34 -- 2.00)                                                 0.1551
  Physical inactivity          49.9%                                  1.39 (1.16 -- 1.67)                                                 0.1172
  Smoking                      9.2%                                   1.28 (0.99 -- 1.60)                                                 0.2108
  Low educational attainment   25.5%                                  1.72 (1.52 -- 1.96)                                                 0.0345
  Diabetes mellitus            18.7%                                  1.50 (1.33 -- 1.70)                                                 0.2649
  Mid-life hypertension        52.9%                                  1.61 (1.16 -- 2.24)                                                 0.2729

Source:

Prepared by the authors from the study results using the population prevalence of risk factor findings of Howitt and colleagues (

17

) and the relative risk for dementia according to the World Alzheimer\'s Report 2014 (

16

).

95% Confidence Interval.

Estimates of the PAR of dementia for each of the six risk factors were calculated using Levin\'s Population Attributable Risk formula, which assumes independence of risk factors ([@B19]):
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where *P* is the population prevalence of the risk factor, and RR is the relative risk.

Still assuming independence of risk factors, the combined effect of the PAR estimates was estimated using the following formula ([@B20]):
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To account for the interrelationship among the six risk factors, a previously published formula was used ([@B21]):
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More specifically, Stata®12 was used to generate a matrix of tetrachoric correlations, and subsequently, to perform exploratory factor analysis using the matrix as input to determine the shared variance and the uniqueness (*w*) of all six risk factors. Similar to other studies, the Kaiser criterion was used for selecting the number of factors to retain during factor analysis ([@B21]).

Total number of dementia cases related to each of the six risk factors was calculated as the product of their individual PARs and dementia prevalence.

The effect of reducing the relative prevalence of all risk factors by 5%, 10%, 15%, or 20% every decade until 2050 in Barbados was calculated using estimates ([@B12]). Due to limitations in the availability of dementia prevalence data for each decade, the percentage reduction in risk factor prevalence was based on a compound-interest formula:
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where *A* represents the computed number of dementia cases taking into consideration risk factor reduction; *P* is the projected number of dementia cases obtained from published work; *r* is the decrease in risk factor prevalence (in this case 5%, 10%, 15%, 20%); *n* is the number of times the risk factor prevalence is decreased per decade (in this case, 1); and *t* is the number of years (in this case, 10 years).

RESULTS
=======

Assuming risk factors operate independently
-------------------------------------------

Both the proportion and number of dementia cases attributable to each of the six risk factors in 2010 are presented in [Table 3](#t3){ref-type="table"}. Estimates showed midlife hypertension to be related to the greatest proportion of dementia cases when compared to the other risk factors (24.4% of dementia cases). Assuming that each risk factor exerts an individual effect, they were estimated to account for a combined 58.7% of dementia cases in Barbados (1 761 cases).

###### Population attributable risk of dementia for each risk factor and number of cases attributable of the total estimated number of dementia cases (*n* = 3 000) in Barbados, 2010

  Risk factor                  \% population prevalence of risk factor   \% estimated population attributable risk (95% CI)[a](#TFN4){ref-type="table-fn"}   Number of attributable cases in 2010 (95% CI)
  ---------------------------- ----------------------------------------- ----------------------------------------------------------------------------------- -----------------------------------------------
  Midlife obesity              35                                        18.3 (10.6 -- 25.9)                                                                 549 (319 -- 778)
  Physical inactivity          50                                        16.3 (7.4 -- 25.1)                                                                  490 (222 -- 753)
  Smoking                      9                                         2.5 (-0.01 -- 5.1)                                                                  74 (-3 -- 153)
  Low educational attainment   17                                        10.9 (8.1 -- 14.0)                                                                  327 (244 -- 421)
  Diabetes mellitus            19                                        8.0 (3.7 -- 12.8)                                                                   241 (110 -- 383)
  Midlife hypertension         53                                        24.4 (7.8 -- 39.7)                                                                  733 (235 -- 1 190)
  Combined                                                               58.7 (32.4 -- 76.2)                                                                 1 761 (973 -- 2 285)
  Adjusted combined                                                      50.9 (28.0 -- 67.5)                                                                 1 526 (840 -- 2 024)

95% Confidence Interval.

Source:

Prepared by the authors from the study results, using the population prevalence of risk factor findings of Howitt and colleagues (

17

).

Accounting for non-independence of risk factors
-----------------------------------------------

Data from SABE was used to estimate the shared variance for all risk factors under study ([Table 2](#t2){ref-type="table"}, column 4). When the interrelationship among risk factors was considered (i.e., the adjusted combined PAR shown in [Table 3](#t3){ref-type="table"}), 50.9% (1 526 cases) of dementia cases were estimated to be attributable to the six risk factors under study.

Effect of risk factor reduction
-------------------------------

[Table 4](#t4){ref-type="table"} and [Figure 1](#f1){ref-type="fig"} show the effects of reductions in each risk factor---by 5%, 10%, 15%, and 20% each decade---on dementia prevalence in 2010 -- 2050. In [Table 4](#t4){ref-type="table"} shows both the projected number of dementia cases and the percentage reduction in dementia cases resulting from risk factor reduction are shown. According to the study estimates, if each risk factor were reduced by 5% -- 20% every 10 years, dementia prevalence in Barbados would be reduced by as much as 15.2% in 2030 and 31.8% in 2050.

###### Estimated effect of a 5%, 10%, 15%, and 20% per decade reduction in all six modifiable lifestyle risk factors (midlife obesity, physical inactivity, smoking, low educational attainment, diabetes mellitus, and midlife hypertension) on future dementia prevalence in Barbados, 2010 -- 2050

  Percent reduction                    Year                               
  ------------------------------------ ------- -------- ------- --------- -------
  Estimated/projected dementia cases   3 000   71 000   100.0   138 000   100.0
  5% decrease                          NA      68 748   3.3     129 345   6.7
  10% decrease                         NA      66 430   6.9     120 761   14.3
  15% decrease                         NA      64 430   10.8    112 472   22.7
  20% decrease                         NA      61 646   15.2    104 681   31.8

Source:

Prepared by the authors from the study results, except data for year 2010 which came from a report produced by Alzheimer\'s Disease International and British United Provident Association (

12

).

![Reduction in dementia cases as a result of a 5%, 10%, 15%, and 20% per decade reduction in each risk factor (2010 -- 2050)](rpsp-42-e17-g001){#f1}

DISCUSSION
==========

Accounting for the interrelationship among risk factors, over one-half of dementia cases in Barbados could be attributed to the six lifestyle factors studied. We determined that dementia risk-reduction programs have the potential to diminish future dementia prevalence significantly, by up to 31.8%.

The high prevalence of midlife hypertension, midlife obesity, and physical inactivity in Barbados led to the study finding that these factors account for a significant proportion of dementia cases (24.4%, 18.3%, and 16.3%, respectively). Midlife hypertension was found to attribute to the greatest proportion of dementia cases. This is in contrast to the findings of two other studies, one that utilized risk factor prevalence data for the United Kingdom, Europe, and the United States of America ([@B21]), and the other, from Australia ([@B22]). In both studies, physical inactivity was found to be consistently related to the greatest proportion of dementia cases. This difference can perhaps be partially explained by the results of other published work ([@B17], [@B23], [@B24]), highlighting the relatively high prevalence rates of hypertension in Barbados compared to the rates of other developed and developing countries (40.7% in Barbados versus 25% in Jamaica and 25% in the United States). In addition, unlike other countries, higher socioeconomic levels have not been shown to be consistently associated with lower hypertension prevalence in the Caribbean ([@B17], [@B23], [@B25]). This is noteworthy since there has been widespread global interest in the social determinants of health and differences that exist among social groups. Research suggests that while other risk factors for dementia are more consistent with published international patterns, the social distribution of hypertension in the Caribbean area cannot be compared to other parts of the world ([@B17]).

Our findings, therefore, have significant implications for the development of dementia risk-reduction programs in Barbados: they suggest that any intervention targeting hypertension, especially midlife hypertension, may result in greater public health gains to the extent that it addresses cognitive health. As governments become hard-pressed to develop interventions to lessen the financial and individual burden of dementia on sufferers and their caregivers, our estimates can provide useful data to determine which risk factors merit the greatest investment.

We also compared our PAR estimates for Barbados with those published for Australia ([@B22]) and for Europe, the United Kingdom, and the United States ([@B21]). Overall, PAR estimates were highest in Barbados for midlife obesity, diabetes mellitus, and midlife hypertension, and lowest for smoking and physical inactivity. In Barbados, midlife obesity was found to be attributable to 18.3% of dementia cases, high compared to Europe (4.1%), the United Kingdom (6.6%), and the United States (7.3%), and slightly higher than Australia (17.0%). Diabetes mellitus was found to be attributable to 8.0% of dementia cases in Barbados, higher than Australia (2.4%), Europe (3.1%), the United Kingdom (1.9%), and the United States (4.5%). The contribution from midlife hypertension was only available for Australia (13.7%); whereas, in Barbados it was found to be attributable to nearly one-quarter (24.4%) of dementia cases. In contrast, the estimated contribution of smoking to dementia prevalence was lowest in Barbados (2.5%) when compared to Australia 8.7%, Europe (13.6%), the United Kingdom (10.6%), and the United States (10.8%). This may be because, although Barbados has not enacted tobacco control policies, historically, its smoking prevalence has been low. Similarly, for physical inactivity, the proportion of dementia cases attributable to that risk factor was lowest in Barbados (16.3%) compared to the United States (21.0%), the United Kingdom (21.8%), Europe (20.3%), and Australia (17.9%).

A recent report by the Lancet International Commission on Dementia Prevention, Intervention, and Care has also estimated that approximately 33% of global dementia cases may be prevented by targeting modifiable lifestyle factors ([@B26]). This new review was conducted using existing data sources. Because data on prevalence of other, established, dementia risk factors (e.g., depression, social isolation, hearing loss) at the population level were not easily available, the present study did not examine their potential contribution; however, the authors of the Lancet report ([@B26]) were able to account for these. When population-level risk factor surveillance data for the English-speaking Caribbean becomes available, it will allow for the same valuable comparison.

Our study results suggest that interventions focused on risk reduction have the potential to lessen the future impact of dementia in Barbados. Nonetheless, more complex models are required to determine precisely which interventions will likely make the greatest impact within the unique cultural and socioeconomic context of Barbados. In addition, it is important to account for the longevity paradox---risk reduction leads to increased life expectancy which itself is a risk factor for dementia ([@B27]).

There is a paucity of quantitative data on persons living with dementia in the Caribbean. Our study adds considerably to this void, specifically to the literature on dementia and its risk factors in the English-speaking Caribbean. To the authors\' knowledge, this is the first study to estimate the proportion of dementia cases attributable to modifiable lifestyle factors in an English-speaking Caribbean country. At present, dementia prevalence data are based on international studies that do not take into account ethnicity and culture ([@B28], [@B29]). This context is important because the prevalence of dementia\'s known risk factors (diet, physical inactivity, hypertension, and diabetes) are linked to ethnicity, customs, and social behaviors that can result in higher dementia prevalence, particularly among population sub-groups. Another of this study\'s contributions is that the results can be used to develop targeted interventions with long-term benefits. One example is midlife hypertension, which has no symptoms, but can be identified through screening programs.

**Limitations.** The study limitations include our inability to provide PAR estimates for a wider range of modifiable risk factors and for a greater number of countries. In addition, the method for calculating PAR, assuming non-independence, utilized biased, adjusted relative risk estimates obtained from meta-analyses and its integrity has not been tested. However, this was to be expected given the new method. In addition, until new data are available for the English-speaking Caribbean, studies such as this one are limited to existing datasets such as the SABE. A repeat population-based study would allow for evaluation of whether risk factor prevalence is changing and any implications it may have for the projected prevalence of dementia. Moreover, the effects of risk factor reduction programs depend on the targeted lifecycle stage, and many of our included risk factors focus specifically on midlife. We also acknowledge that we have used a relatively modest method in an attempt to model a complex relationship. Our intention is to account for the effect of more nuanced issues, such as the varying trajectories of individual risk factors, in future work.

Conclusions
===========

Over 50% of dementia cases in Barbados were found to be linked to midlife obesity, physical inactivity, smoking, low educational attainment, diabetes mellitus, and midlife hypertension. Dementia risk-reduction programs that target these modifiable lifestyle factors may have the ability to reduce future dementia prevalence in Barbados by more than an estimated one-third by 2050.

While a substantial proportion of dementia cases in Barbados were found to be attributable to the risk factors under study, future research should consider the contribution of other known risk factors, such as Type 2 diabetes, hypertension, and depression. Further studies that take these into consideration could prove useful to policymakers in Barbados and the wider Caribbean.
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